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15-1 Bacterial "Super-Antigens' 



ji'ylococca! enterotoxins are exotoxins produced, by the, gram- 
me bacterium Staphylococcus aureus and consist of five sero- 
|lly distinct groups of proteins: SEA, SEB, SEC, SED, and SEE. 

V toxins are the most common cause of food poisoning in hu- 
' A related toxin, TSST, causes a disease called toxic shock 

'rome (TSS), which is associated with tampon use. Pyrogenic 
;\;ns of streptococci and exotoxins produced by mycoplasmas 
:be structurally and, functionally related to these enterotoxins. 
he immune response to staphylococcal enterotoxins and : related, 
eins has a number of features that make these bacterial products 
e unique in terms of biologic and pathologic effects; 

iaphylococcal enterotoxins are among the most potent naturally 
.ccurring T cell mitogens known. They btq capable of stimulating 

V proliferation of normal T lymphocytes at concentrations of 
1{T 9 M or less. As many as one in five normal T cells in mouse 

' lymphoid tissue or human peripheral blood may respond to a 
-particular enterotoxin. t 

W^nierotoxins bind to the V fi region of T cell receptors (TCRs), and 
™^wcb toxin stimulates T cells that express antigen receptors 
whose Vp regions are encoded by a single V p gene or gene 
family. In other words, the specificity : of T cells for different • 
enterotoxins is encoded in the V p region and is not related to 
other components of the TCR such as the V,, J, or D segments 
_ J ^because enterotoxins bind directly to the p chains, of TCR '.mole-'. 
Ecules close to but outside the antige^bindingr ; (com _ plementarrtv- 
Biietermining) regions. Different^ cells ex-. 

!!r/ . nrocQinn v.. n'nnfls from different families (see Table),- Because T " 



h ,' ; enterotoxin, these proteins are called antigens and. not polyclonal 




r: ;mitogens. However, ; Lv,«.-- ... 

j sive T cells is much higher than the frequency of cells specific 
for conventional protein antigens, the enterotoxins have been 
named "super-antigens." . 

! . Super-antigens bind to class II major histocompatibility complex 
4MHC) molecules on antigen-presenting, cells (APCs). without a need 
for intracellular processing and to a region of the MHC : molecule 
away from the peptide-binding cleft. This complex is then recognized 
by T cells expressing antigen receptors with a particUlarrV^^men^ ; 
The same enterotoxin binds to class: II molecules of different alleie^S/: :; 
^ius indicating that the polymorphism of the MHC does not Influence 



the presentation of these antigens. Each staphylococcal enterotoxin 
molecule possesses two binding sites for class II MHC molecules; 
This characteristic allows each enterotoxin molecule to cross-link 
MHC molecules on APCs, and the enterotoxin- MHC molecule dimer 
may cross-link two antigen receptors on each T cell and thus initiate 
T cell' responses. 

The high frequency of staphylococcal enterotoxin-responding T 
cells; particularly CD4 + cells, has several functional implications. 
Acutely, exposure to high concentrations of enterotoxin leads to sys- 
temic reactions such as fever, disseminated intravascular coagula- 
tion^ and cardiovascular shock. These abnormalities are probably 
mediated by cytokines/ such as tumor necrosis factor (TNF), pro- 
duced directly by. the T cells or by macrophages that are activated 
by the T cells. In many respects these reactions resemble systemic 
reactions to endotoxin (lipopolysaccharide), as in septic shock, which 
are also mediated by ; cytokines (see Chapter 12, Box 12-1). The 
secretion of large amounts of inflammatory cytokines is the likely 
1 pathogenesis of TSS, which is characterized by shock, skin exfolia- 
tion, conjunctivitis; and severe gastrointestinal upset and can pro- 
gress to renal and pulmonary failure and death. Prolonged adminis- 
tration of enterotoxins to mice results, in wasting, thymic atrophy, and 
profound immunodeficiency; also probably secondary to chronic high 
levels of cytokine production (e.g., TNF). v 

Staphylococcal enterotoxins are useful tools for analyzing T lym- 
phocyte development Administration of SEB to neonatal mice leads 
to intrathymic deletion of all immature T cells that express the V^3 
and v^8 TCR genes. This deletion mimics self antigen-induced nega- 
tive selection of self- re active T cells during thymic maturation. Super- 
antigens also induce Fas- or TNF receptor-mediated activation-in- 
duced death of mature CD4+ and CD8 + T cells (see Chapter 10, Box . 
10-1); This type of cell death is a model of deletion of mature T cells 
that are repeatedly stimulated by self antigens. 
• Viral gene products may also function as super-antigens. In cer- 
. tain inbred strains of mice, different mouse mammary tumor virus 
genes have become incorporated into the genome. Viral antigens 
produced by the cells of one strain are capable of activating T 
lymphocytes from other strains that express particular V p segments in 
their antigen receptors. The result is a form of "mixed lymphocyte 
reaction" that is not caused by MHC disparity. It was discovered long 
before vira! super-antigens were identified, and the interstrain reac- 
tions were attributed to Mis (minor/lymphocyte stimulating) loci. We 
now know that Mis "loci" are actually different retroviral genes that 
are stably inherited in different inbred strains. 
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cal enterotoxin; TSST, toxic shock: syndrome toxin. 



